To survey the level and behavior of 222Rn and 220Rn progeny in air, measurements were made intermittently (once a day at an identical time) for 4 years at the campus of the authors' college located in the northeastern part of Japan. A filtration method with alpha spectroscopy, using an evacuated chamber, clearly separated 212Po peak from others. Outdoor and indoor air were sampled every morning except holidays. A definite seasonal variation, higher concentrations in autumn and in winter, was observed except indoor 220Rn progeny. 222Rn progeny revealed log-normal distribution, whereas 220Rn progeny revealed Poisson-like distribution.
(4) Sep.1997 T. Kobayashi and Y. Takaku : 222Rn and 220Rn progeny concentration in air Table 2 shows seasonal average of ratios and concentrations.
As to 222Rn progeny, concentrations of three decay products were obtained, and the ratio of 214Pb to 218Po, the ratio of 214Bi to 218Po, and the ratio of PAEC from 218Po to PAEC from 214Pb and 214Bi were obtained. Ratios in Table 2 indicate that the air was fresher in indoor than in outdoor.
Statistical distribution
Figure 3(a) shows log-normal plots of 222Rn and 220Rn progeny. All progeny appears to fit log- Apparently, all progeny seems to fit log-normal distribution, however it is not true (see next figure).
(6) Sep.1997 T. Kobayashi and Y. Takaku : 222Rn and 220Rn progeny concentration in air normal distribution, however log-normal plot is not always a good way for this judgment. In fact, a chi-square test with a significant level of 1 % indicated that 222Rn progeny did fit log-normal distribution, while 220Rn progeny did not. preted as follows. 222Rn (half life 3.82 days) is an inert gas 7.5 times as heavy as air; its origin is radium (226Ra, half life 1 600 year). 222Rn progeny level is roughly in proportion to 222Rn level. Al- Figure 4 shows scatter diagrams for 222Rn and 220Rn progeny in outdoor and indoor air using data from 3 July 1989 to 26 November 1990. The correlation coefficients (R) between outdoor and indoor air were 0.79(**) for 222Rn progeny and 0.15 (*) for 220Rn progeny, respectively. The symbol, (**) and (*), mean that the p-values is less than 1% and 5%, respectively. The concentration of 222Rn progeny in indoor air is highly correlated to that in outdoor air, however it is not the case for 220Rn progeny. This may be attributed to the short half life of 220Rn (55s); the probabil- (8) Sep.1997 T. Kobayashi and Y. Takaku : 222Rn and 220Rn progeny concentration in air Table 3 Pearson correlation coefficients for 222Rn and 220Rn progeny concentraions and meteorological data (in parentheses are number of data)
ity for the introduction of outdoor 220Rn is less than that of outdoor 222Rn.
The correlation coefficients between 222Rn progeny and 220Rn progeny were 0.69(**) for outdoor air and 0.38(**) for indoor air, respectively. 222Rn progeny was usually accompanied with 220Rn progeny in outdoor air , however it is not the case in indoor air. This may indicate that most indoor 222Rn comes from outdoor air, while few indoor 220Rn comes from outdoor air.
From these correlation analyses and the regression analyses of the previous section, most of indoor 222Rn progeny at the authors' office seems to be originated from 222Rn gas drawn from outdoor air. Top : logarithm plot of PAEC (222Rn) /average. Bottom :
power spectrum deduced from autoregressive model which is equivalent to maximum entropy method. Besides the one year period, 3-to 9-day periods were often observed. (10) Sep.1997 T. Kobayashi and Y. Takaku : 222Rn and 220Rn progeny concentration in air 4.
Concluding Remarks
Based on the data of 222Rn and 220Rn progeny in air , statistical and time-series analyses were made.
The present indoor data might be a singular case, whereas the outdoor data is probably a well seen case in
Japan showing an interesting temporal variation.
Since the present data are from intermittent measurements, the ob- 
. (2) However, Eq. (2) is unreasonable because the reliability of R(i) decreases as i increases. Therefore, taking 2N sampling signals, the present authors
where the average value was subtracted from ƒÔ(t), and R (i) was normalized as R (0) , 21, 243-247 (1969) 10) Burg, J. P.: Geophys., Oklahoma City, Okla., Oct., 31 (1967) 
